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"Experimental Imvestigation of a Spacial Model of Informagrion™
L]
.. 4n experiment tested the hypothesis that cognitive change resulting
froz information inputs can be represented zs linear motion of concepts

in wultidimensional space. The theoretical background is reviewed and the
mathématical derivation of the hypothesis is given. A set of fifreen

zations was scaled using Woelfel's Galileo system of multidimensional

scaling. Experimental messages were introduced and the posttest imter—

concept distances compared vith those predicted by £heor'5'. The crucizl

partial correlations were }low, a.fiflure to confirm the hypothesis.

Secondary analyses suggested that the failure may have resulted from .
inadequate control aof message content and failure to consider the 2
of "dozain.” The theory made better predictions for a subset of the
concepts that might be.a domain. : Co g .
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d latroductidn Co . .

It 45 ?e?aa;cé unTecessary to remark that we would understand a great

deai mre abont hznan co;nz:mication if we u:derstood the human mind. P

anaz in izse.lf however, is «;ot em‘ﬁciazt justification for comrmication - - -

theory to embrace cognitive theory.. The wrking assuxption of thi.s study

L4

is that there is potentially 3 more specific kinship between the two fields:

that formal models gf strkcture can be applied equally well to cognitions

and messages, and that constra:ints on process inherent in those structural

models can’ shape theories of the cegnitive effects of commmication.

The specific hypothesis tested is taken from Craig (197’5)-'.i In that
paper I distinguisbe'd between spacial and detwork paradi;zzs, developed
oodels of cognition, oodels of messages and theories of comication effecu
ia terms of eacn patadig::, and . suggested strategies of integtacing the twp
perspectivés. 1 suggested an experiment {Research Design #2) as a
poteutially crucial" test of the general hypothesis of spacial structure.

- That experiment was conducted and the results are reported here.

In the follov.‘:ng sections I will (l) discuss the theoretical backgroué

/

“of the Tesearch and present the derivation of the experinental hypothecis,

“f
(2) describe the design, proceduree and analysis of the stndy (3) praent

the results and (4) interpret the results, and consider lltetn;ti/t v
explanations. . ' / ]
:/ '
Theoretical Background ;/ et
¢ 3 , d /
Spacial Mofls of Cognition o ' .
. ¢ - ! N

. ] ’
Several theorists have developed more or less ‘elaborate models of the
. P !,

mind as a2 multidinensional space in which concepts are definéd by: their
e
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locaticns. ' The accumilated evidence strongly suggests the utility of the

éezeral spacial model. /
Scott (1969), Schroder, Driver aod Streufert (1967), Kelly (1963,

. . |
p. 146), 2ankel (1963) 2nd Zajonc {1968) are 211 cognitive theorists who -

speak of cogniticn more or less gecerally as the projection of a stizulus

ca 2 set of psychological dimensions, without, howvever, elaborating tg'zny

eat exteatr the "geomerry"” of cognirive space. -
b4 P

4 far more develcped spacial model is that of Osgood ard his associates

(Osgood, Suci 2nd Tannenbaux, 1957; Osgood, 1974). Osgood introduces the

idea of "semantic space” as a model of the "affective meaning system": a
coordinate system whose origin is the point of peutral mezning and whose *

axes are the genmeral factors of a set of bipolar attributes (the semamtic

- differential). Semantic differential research has disclosed- that at -least s
i - some dimensions of semantit space are remarkabiy stable and invariant

across cognitive domains. Osgood, Suci and Tadnenbaum (1957) state:
The szme three mejor factors of evaluation, potency and activity
(vhich were empiricallyrather than theoretically derive®) have .
’ teappeared in a wide variety of judgmental situations, particularly
- - where the sampling of concepts has been broad. The relative weights
of these factors have been fairly conmsistent: ewvaluation accounting

for approximately double the zmount of variance due to either potency .
v .or activity, these two in turn being approximately double the weight ’
of any subsequent factors. (p.- 325) \ \

This central finding has beld up quite well in subsequent studies in many

Eultures. Seventeen years after publication of The Measurgment of Yeaning,

Osgobd (1974) ig able ro assert ‘that the accuzulated res is rather

convincing evidence for the universality of ‘the affective idg systea”

(pp- 33{34). )

The semantic gpace research may be taken as evidence for the existénce
of stable, spacial cognitive structures. Osgood's methods may be attacked,

1hswever,'on the ground that Ehey beg the question bf wvhether cognitive space

Q . 5‘
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is best thought of a2s an attribute space. é&ega&ive evidence cannot be found

by a method which' invoIves measuring neaning‘én incerv?l arrribute scales

“azd factoring cbcse scales; the results will necessarily aégai as diﬁtnsions.
A broader spacial model of cognition is found in the psycbonetric

literature on-multidimensiohal scaling (Torgeréom, 1958; Shepard er ai.,

1972). Bere algoriiﬁns have been develo?ed to convert natricessbf psycbologicall

"dis:ca:xce"‘ or "similarity” zmong oo:icepts into configurations of pointd

within spacial coordinate systems. The recent “mommetric” scaling techniques

aret usually designed to‘produc; a space of minimyn dimensionality and maximm

iéterpre;ability. A reviev of a sample of the nommetric scaling literatur;

both tends to further evidence the validity of the general spzcﬁal;aodel

of cognition and to demonstrate the limitations of Osgood's ver:ion of the’

‘nxdel. ' - ) : " o \

=3
«
13

¥any zultidimensional scaling (MDS) sﬁpdies h;ve found interpretable

épaciai cohfigurations but-mané_of those Btudies also éuggest tha{i:;t all
interpretable zuitidtmensianal sgacial represeatations of cogniéive structures
also have interpretable dimensional scructuresﬂ Spacial structures may
appear as in:erpregable'c}usters, circurplexes or_gther non-dimensional
forms:"The set of{pogfible forms has been somewhat systematized by
‘bége;nan (1972). Rapport and ?illenbaun (1972) demonstrated that color
terms in American English scale as a two dimensional circumplex correspcnding
quite closely to the theoretical‘color circle, and that "Have" words in
Anerican English (return, steal, take, etc.) scale.as a set of clusters in:
space. - . .'
WheL_HDS_?tudi;s have founé inte?pretable di&énsions, the d;nensions
are sometimes similar to the EValuétiop,.Potency and Activity dimensions of

the semantic space and sometimes not. The study of Nations reported by

.
2
.
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Wigsh, Deucsch zod Bieper (1972) fourd the evaluationolike dinensian of
Political Alignment and the po:eacy like dineasion of Zcomomic nevelopnen:
but also fcund dinensiq:s bf Geography-?opulaticn and Cnlture—aace Hhich
have no correspondeace with semantic %paae findings. Nosenberg and Sedlak
{1972) found, for personality terms, clear dinensions of godd-bad and .

doninance-subzission. Barton (1972) found :hat occupation names fall

>

. lobg dimensions of Dependency, Prestige and Skill, D'acdrade, et al. (1972)

found that disease terms scale by seriousness and contagion.

Tnese studies all give evidence both of the walidity of the general

spacial model of cognition and the utility o MDS as a way of operationalizing

tbe spacial model, Re;haps more compelling evidezce, however, comes from

- v

tpose studies which have related spacial representations to human behavidr
rg
assumed to depend upon the cognitive sinilarity of objects. That such

relafions hold has been demonstrated for the substitutability of consumer

A

ﬁfo@ucts {Stefflre, 1972) and of poiitical égndidates {Hauser, 1972):
products or candidates found by MDS to be closer together are more likely
to be substituted for one amother (switched among) in the market or the

‘ electoral arena. Jones-ind Young (1972) found that frequency of social

comzunjication could be predicted from distances among people in a spacial

representation of a social structure. . ) }

- .m

In sum, both semantic space and nonmétric MDS research tends(th -

confirm the utility of a spacial model of cognitionm, in that those,studiés

have shown that' the spacial representation is stable, valid on its face,

and reliably related to other human bebavior.
‘The most general version of the spacial model has been proposéed by
"Woelfel (e.g., 1974a, 1974b, 1975) and his associates (e.g., aoelfel -and

Saltiel, 1974; Danes and Woelfel, 1975 Taonr, Barnett and Sezota, 1975).

il
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) which parsimonious}.y account for the changes over time in cognitive yace. o

- ”

WQalfel frees the spacial nndel froa its attashnent to dinezsional

in*wrpretation ard introdsces both the novel idea of cqgniti"e cnznge as

”

mot103 of concepts of miltidimensionpl space and the instrunentatioq,tnd ’

sof tware to operationalize that idea.

kcelfel postulates that cognitioo is a process of relating objects L .

7of ticught to each bther. Objects are distingnisbed by virtue of their
attributes. Woelfel's model however, does not give a central place to
attridbutes as such. Eatner, the aggregation of ali respects in wvhich two
cbrects of thought differ is taken to underlie an overall dissinilarity
or psycholagical distance between the twvo objects. iihus distance rather

thaa'attribute_is the generating concept of’tbe'model.-ifhere is ,00
. . »
assuxption of an attributé space spanned by fundamental factors. ' The

dizensions of cognitive space need not iz themselves have ésy psycbdlogical

significance' nor need the origin of the space 2ean auything (or nothing!).

The cognitive space may exiribit interpretable patterns: dinensions, clusters

‘or other forms. - Or the configuration of concepts may not be at all
. t

N -
P

1 . 1 '
interpretable.. In any cake, the configuration "1g" just what it ?is"; its
\ ‘ : b
validity does not depend on its interpretability. :
B . . : S s
" %hat 15 of kep import to Woelfel is not the interpretability of cognitive

space but .its dynamics. Change in the meaning of an object can be" Ty
represented as novement of the object relative to other‘objects. The

ecrucial test of Woelfel‘s model is whether "laws of motion can be found

)
. s v

If such laws cannot be found, or if mote parsimonious. lawg can be found 1n
another paradigm, then the model fails
Because the relationships it displays can be assumed, even in princiﬂle,

'to be metely ordinal nommetric MDS may be cansidered'unsuitable for the

8 .
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i:“’zfestjiéat’l@n of wotion in cognitive space. Thus their interest in tfne - .
1 522:; of.c@énge has motivared the reneved interest of Woelfel and his
as»

iates in the "classical" or "metric™ approach, which makes stronger -

assumprions about measurement. Tais revived interest has 1led to the

development of the Galileo system—a set of measurementnéég-aesigﬁ techniques

— R

I .- ‘ .
s and a package of computer programs——which adapts classical ¥DS to Woelfel's .
" intérest in the study of "cultural processes.” The Galileo syster has
beea described in detail by Serota (1974), but a suecinct overview of the

.tecanique is'prcvided by Taylor, Barnett and Serota (1975):

The subjects are giwen‘a eozplete (n(n-1)/2) 1list of pair
cozparisons for the set of concepts being scaled. They are asked
to make ratio judgments of the dissinilarity¢between concepts using

- the form. . . .

if x and y are u units apart, how far apart are concept
* 2 and concept b? - s f
Such an item wording requests a distance judgment from a
respondent (". . . #¥v far apart are 2 and b?"). However, it
. Tequests that this judgment be made as a proportion of a standard
. distdhce provided by the researcher ("if x and X are-u units
5 apart ., ."). This format aliows the FTespondent to report any *
‘positive value; the scale is thus unbouvhded.at.the high end,
- . continuous, and krounded’with-a true zero {identity - two
/ ’ . . concepts are perceived to be the<8ame).‘ )
Since the data for an individual case is highly unreliable
(reliability being imversely proportional to the difficulty of
the judgment task), and since our goal here is a2 measure of
social of cultural conceptions (Serota et al., 1975), we may use
aggregation techniques to improve our measurements: By applying
i the Central Limits Theorem and Law of Large Numbers we find that
' * .the arithmatic average of all responses for any cell in the matrix
will converge on the true mean for' the population as the sample

gtows large ™. . . ."*

. ’ N *
) . " The mean distance matrix 4s further transformed to a scalar-,
: - : products matrix which has been dohble-;entered_(Torgerson, 1958) 4
to establish the origin at the ‘centroid of the‘dis;ribthPn. '

*Studies by Barnett (1972) and by Danes and Woelfel (1975) have
achieved édequate levels of reliability with gsamples of well under one .

hundred people. - » oo .

. P ! ,
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| be re i;blx provided by individual human subjects, at least‘under

prccedd;;;\so far devised: Thus the model, which one would like to.

¢ \-—/ . . d ’é ; -
. . By |
. -2 - -
R ‘ . ¥ |
. 7. g 2
- - P - .
. ,’;’,\;‘ .
- . "'.‘:j
. ! ’ VT
&

A This'matrix is subsequently factored (using a direct iterative,
unstandardized procedure) to achieve a coordinate patrix whose ’
‘columns are orthogonal axes and whose rows are the projectiozs
of the concept lecation on each of the axes . . . . This space
has the property of representing the, average distance judgments' .
for all possible pairs sicultaneously. Additionally, the © .
oultidicensional spact is comstructed. from the unstandardized 3
distaoce vectors betwveen 21l possible pairs, and all variance in
_thg sample population is thus accounted for by the n-dimensional s -

]

space. , :

» -
- -
- - N

Finally, this procedure is repeated at each poiant in time and
the spaces are rotated aboyt the centroid to a least-squares best
fit to provide approximations of the concept motions over time.. -
Froz these resuitant cross-time coordinate matrices we can fit
curves (trajectories) of motion which describe the relationmal

changes froz the set. (pp. 4-5) %

A more recent addition to the system is an alternative rotation pracedure

-~

which takes account of theoretical assumptions about whiéh concepts have .

and have not "moved" during the inte#val between observations (Woelfel -- |
e_t__a_l_., 1875). A

Woelfel's model has some shortconmings, tﬁe most severe of which arise
fron the problemé of measurement. The model handle® measuremeht veéry i

well in principle, but in practice it is just measurement which most P _\

/
level measurements of psychological distance which, quite simply, cannot

-

;serﬁously limits tﬁelmpdel's‘appiicability. The model requires ratio \\

7 N LARN . .
describe individual as well .as aggregate phenomena, can be tested only -

= s

4 . s -
on aggregate data. - ‘ ,

One,dbgld also attack Woelfel's model. by citigg cognitive structures \
- ; ;

which it seems unable to deséribe--my kncwledge’of'how.to:tie my shoes, :_ .

for example. Byt this sort of criticism ignores the large range of L .

- .

~ . - . . S
bhenomeni which the model does seem to describé, and avoids rather than

-

attacks the centrel igsues raised by thé.nodelt which are: both ‘empirical

-
+

-




and interesting. Xo cl:-:tin of uﬁiversal synthesis can be made for the
modelg Toe litgrature ?f,coénitive.theoty is‘a cornucopis”of spdces,_
networks, schesata, groups, implicational structures, psichologicsn
- . " algorithms aqé/other paradigms (cf. Zajonc, 1968; Deese,'1§69; Weick, * - -

1968). ., To attempt to subsume all of those models under gpe medel at the
: M K A =) e = -

»

! . present stage would be folly. - It would be better, as in the present .

;" ,
»

=

studf,tto tackle the issues, raised by a specific,.well-formulated model,

s}tempiing thergby to determine the range of phenomena to which it applies. 3

< . -

The literature strongly supports the inference that spscial wodel

. ,. can b€ meaningful and useful representations of cognitive structures.

This is mot to say that all cognitive structures ¢am be represented

spacially, ‘but is'to say that a broad range of structures can be sc

represented Ihe question now becomes .whether the extensions of the -odel -‘,

1mplied by Woelfel 8 broad statement of it are equally valid,/ '- .
“Extensions of the Spacial Model: Models of Messages and Theories of S
Communication Effects ¢t T ’ -

g - « e

A model of messages is, a model of_ "the fotmal characteristics of ’
content analytic constructs." (Krfppendorf, 1969: 71) ‘A model of messages

flowiné from the spacial model of cognitian holds that a message is an
b : - <, ) . . .. .
implicit matrix of inter-concept distances, which can be scaled or plotted
in the same way as ean the'cogﬁitive space which it reflects. Such .a

* .

-model might be seen as just an extension of the accepted notion that a .

message can be scaled, for example, on an attitude, continuum. Instead of

an i{mplicit attitude we assume an implicit distince matrix. This idea is y

? . : .

Y ' not entirely mew. It might be said to underlie Osgood's (I959) method of

. - . v’
"contingency analysis' as well as more recent computational content analysis .
- . . q - " - :

‘o techniques that permit multidimenaional scaling of .message content (Smith, 1974).
g . v ‘ l
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Jleads dif%cclyr}o a“spacial theory of communication effecfs. At thé\most
8

' same sense as static mulcidimensionaL scales*tend to be incerpretable. .

’ scudies, howeverf share some imporcant shortcomings. Firsc, despite the

There seems to have been no attempt made to systematically explain a
A - A . 4

;ery rigorous; and in fact the Qc'hnulated evidence largely consists of

Once we have consch;ted a spaciél éodel'oiinESsages weé can ask how
inpucs of messages 8o copceived'would affecc cognicive structures. ' This

N * ~ . ‘.. . . L4 : ‘ “l )
primicive leYel such a Cheory mighc asserc only that the motion brought

a / < . N
abouc by information would be\{neaningfnl" or "interpretable" in uuch :he ) \ L

-

e
"Several sgudies of Woelfel's model have been claimed to demonscrace'

.

meadingful mocion. Gilham 11972); Barmett, Serots and Taylor (1974);° .

Taylor, Barnecc and Serota (1975); and< Voelfel ec al. (1975) all report
[} N [
studles in which obtained changes in the locations of concepts generally

-
were successfuliy incerpreced in light of ¥nown information inpuCS. These

- ‘ 3

purporced precision of che model, the incerprecative analysis in all cases

.
[

-was qu&litaCive and in two of che scudies vas en:irely post hoc, ‘while in’ 4 ,fi* }

~

‘the ocher ;db scudies it was based on.qualhtacive prediccions. SEE?nd . t -

-]

in every case he analysis focused on certain changes and® ignored ochers. z

observed changes, to seek out evidence concra}y to theory, or-éven te

accournt for apparent anomalies. -

.

* Thus the evidence for the meaningfulness ¢ mocion‘ig cognitive space,

while suggestive, is-far from conclusive The research so far has not been

-

[

post hoc incerprecations qf selected feacures of the observed changes in

spacial locations of cq/pepCS. The theorecical vork in this area has / :

. . 54
become quite developed. Needed has been research that will tie CQgecher ' ¥
’ . ~ . L . '

the spdcial models of cognition, messages and communication effects in

>

cescing,precise,'g‘griori hypotheses derived from explicit aésu-pcioﬁh.'
' Y] .

- ’
' k ’




The research reported in this paper was designed to meet those needs.

[ 4

A Theory of Linear Motion: Cverview

The first step in rigorously testing rhe idea of neaningful motion

is to comstruct a more specific theory which is falsifiable. Ome point

concerning spacial theories of comzunication effects should be made clear: °
“4e
the test of any Lart cular theory is not equivalent to a test of -the general

spacial model. M;nz spacial theories are possible-—some more cozplicated

4 14 -
ta2n others. The.theogy to ve presented here, for example, assumes linear

. =ot:on in a stnble, Euclidian space. Complications such as.nonlinear

-

zotion and warpage of space cowld be introduced later if the simpler !
theory fails to explain data. The general strategy_shouid be to test

. ~ ’ .
sizpler theories first, and to complicate theories only when forced to by

N

-_—

data. It should be recognized, hovever, that there is a point at which the

repeated failuyre of ever-more-complex theorief to account for the observed

. - -
0 -

phenozena would force us -to conclude ¢hat the general spacial paradiga is

unfruitful. So while no gtudy can provide a "Crucial® test of the general

spacial model (or even, for that matter, of the gpecific tneory under

~

investigation), a study such as the present ome can contribute to the -

-

-
’ -

: . : > .
ultinate evaluation of the general spacial model.

Suppose that cogoitive change resulting from information inputs can
» . .
.- . ’
be repiesented as linear motion in multidimensiqnal space. This implies .-
that the change in'a concept results in’ precisely predictable changes in

tﬁéuysychological distances beCVeen that concept and all other concepts ‘in

cognitive space. The principle can be seen-by 1magining 2 number of objects

arrayed on a tahle. Moving one ‘of the objects toward or away from a second

; . ‘¥
object changes the moved object's distances from all other objects in a

precisely determined fashion. As*gpplied to human cognition this may seem.




‘ . . 1

11}¢ a vild hypothesis, but it follows rigorously from a set of assuéption.,s_
whirh are!SBt’in'thenselves implausible: a conceptual structure in cognitive
space, and a message that 1§ "about™ the distances of a concept fron some
oti:er concept. . ‘ . .

',In order for ou; theory to gernit numerical predictions we musr sémit
several further assumptioms, the ;ost iégortant of vhich are those that
conmect the spacial rodel of messages to the concept of cognitive motion:
a;)theory of eom~rnication, effects. ' .

Tor this study the theory chosen was Woelfel's Lihear Force Aggregation
Tmeory. Saltiel and Woelfel (1975) explicate the theory and suzmarize the

sun-orting evidence. Oné<must concede that the evidence for the theory

is rot terribly stromg, and that ook at behavioral research dope from

Al

other theoretical perspectives—for

le, stodies of the relatiod of .

Zessage discrepancy to attitude’change, Qr of information integration in

irpression formation—+would provide a veal =s1dence suggesting that

more ¢omplex theories than Woelfel's are reghired. Since our focus here,

. povever, is not on the exact shape of information processing curves but

-

is rather on testing of the funfamental idea of cognitive motiom,- the
sicplicity of the Linear Force Aggregation Theory is attractive. Furthermore,
because the theory posits that attitudes are "made out of" acczmliafeﬁ

messages, the theory provides a direcf link, a linear relationshipg between

v

messages and cognitive structures.

The Theory of Linear otion nakes sevefgl. assucmptions beyond those
. <

-

" of Linear Force Aggregation Theory. 'f‘;iqse agssuxptions are :.ppareﬁt in the

r

derivation which follows. ) ‘ ) .

~

A Theorv of Linear Motion: Scope Cenditions

-

The theory predicts the time t' dfstances among a set of concepts

(s7;,) given the following:

- 14




(i.) The following quantities are knowa:  the set of distances
buiueen_each pair of conceprs 1 aod j at time t (sij}" the projection
c: c&C:’. éoncep.t on each dizension of cognitive space at t (fik)’ the
itertial zass of each concept (ni), the puzmber of messages received in
(p), 2nd the set of issertions contained in messages

.

i . s .
Teleived during the interval t - t (si.).
< .

° . (ii) Tae interval t - t' is sufficientwfor equilibriuz to be
“ .‘ .
es13blisned in the cognitive space followving receipt of messages.

(11i) XNo change occurs during theg inmterval t - t' except that :

ino.ted 5y known messages.

Serivation of the Geaeral Structural EZguatioxm

-

Woelfel's Linear Force Aggregation Theory states that a belief is

ejual to the mean value of all messages received. Translated into terms

i

of the spacial model, .
‘. ~

(1) - a i
z s
. k=1 "ijx ,
Sy =
3 o
Where: ;ij = the psychological distanmce between concepts i and j,
) 2 S5k * the distance proposed by message X, "
- %
n = the total number of messages Yhich have located i and j— ,
the 'inertial mass! of s,.. <~ - .

ij

4 direct implication is that the effect of "new" messages on an already

-

established belief is equivalent to a change in a mean given additional -
values. , - )
(2) . . ns,, + ps.. ) P ’
g i ij . :
s' =5, + (5,, - 5,,)
i n+p i3 n+p i i3




Wacre: s 15 = the gew belief

p = the oumder of new messages
‘gij = the zean distaace proposed by thé new zessages

,z

ir view of the conclusions of Woelfel and Saltielﬁ(forthcozing), we ought

o o » v - -
tc regard s’ij s an equilibrids value that will be approached over tize
. ’ P v
the rnessages are processed. In short, we are dealing here with what*

v

&

strictly might e called "comparative statics™ rather than dyna&ics.

-Assume that n, the total number of zessages vhich have located 1
[ 3

anc j, can be expressed as a sum of two quantities,

y a-ni?nj. : ¢

Y .

whiTe ai and nj are the aucber of zmessages which have located 1 and j,

respectively. This assumption allows us ro partition the expression on

-

~the right in equation (2) so as to reflect- the relationship between in-

ertial =a2ss and zessage effects. . »

-{"‘) ) ) n- ? - ’ 1'.1. p -~ o &
& =g s|i - . (Sij 543 +t73 . ¢ . (sij-sij) s
a a+p ’ n a+p

.. . ) ) s .
wnere the left bracketed exﬁression is the change brought about in j and
t .- v % ) :
the right bracketed expression is the change brought about in.i. The ’

change brought about, that is, is inversely p;obortionzl to the number
of zessages bgich has locatéd a concep;.' In s;ill oéherﬁvords,'the change
brought about by new messages is "apportioned” beétween i and jrin inverse
proportion to the%r iner%ial nasse%. o

Now assume that i and j are located in a multidimensional’ space,
gnd our problem is to determine the change in location of a “'z5ved™ coé—
cept i J;tb respect to all otﬁer concepts in the spacef The f;rstfktep

’ ; ¢

- L N
. .




1. 2oing this is to oote that sij can be expressed in terms of the pro-

lections of 4 and j on 2 set of orthogonal reference axes of the space.

. ‘ : s
wneLe fik and fjk are che projections of i and j, respectively, on axis

i, and r is the dizensionality of the space. gij and s'ij can, of course, :

¢ - < rd

< be expressed similarly. . ,

-

ine general structural equat:ioa for post-message pairwise distances \
amozg concepts inthe space can now be derived ia three steps. First, \
|

] -
-~

. - : X . . )
we need ar ‘expression for f'k' the projection of concept i on axis f as

S . g

proposed hy new wessages. Second, we need an expression for f'ik’ the

new equilibrium for the projection of i on f brought about by the new

zessages. 7Third, we can write the general structural equation.

The expression for Eié assuzes that one-half of the change proposed

- 2

£ . .
. by §ié is directed toward congept i, and that the change proposed is ap~
portioned‘anong the dﬁzensioqs of the space proportionate to tbeldifpance

éetween the projections of i and j on the dimension}.
. . : _ - 2 .
e () TP . (£,, = £..) 1 ~ £,, - f
. o fg = Eg o Tk A;k . . (sij 8;) - ik T3k
' (sij) 2 _ {fik - fjkl

- [y

.
-

The last factor in expression (5) is nepded to determine the sign

of the changes proposed in fik' The expression for fiik’\ the post- .

t/ " - -
’ =essage equilibriuz value of the projection of concept i on axis £, can

i

now be adapted froa the appropriate parts of equation (4). -

KX
«

(2) 20 =

P "I T2 -y - ) R

- . ‘ o D‘Pp?. &*}‘h‘ .

%

F

.
- . »




- distances between,

n- -
Iz eguation (7), ;i is multiplied by 2 to take account of trte fact that
the derivaticn of gif has alrezdy divided the proptsed change, and allo-
cated the change to concepts i and'j separately. Kote that if either

.

p=J or sij‘sij’ then equations (6¥*"and (7) result in £ ik‘fik' These

ejnations, that is, can be applied to 2ny concept in the space, regard-

7

less of vhether any messages have affected ghat concept. J

»* 7 ' Substitution into equation (5) aow pEves the general structural
‘equaticn.

(8} , / r . 2
i ¥ A f'."f!-‘ s
N s ij k=1 ( ik _Jx) )

whete i1 a3d j. are ani tvo concepts in the space. Equation (8) is a .

general etructural equation i
. »
21l pairs 6f coacepts, including pairs in vhich

neither, éne,oi both concepts have been affected by messages.

the sense that it gives the post-message

e ’ “

. »
g -

v
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Yethod

4 pretest-manipulation-posttest, within-subjects experimental design

was used. 'Snbjects wvere 64 graduate \and undergraduste students in .

M . . -

LS
communication classes at a Yarge university.

Tifteen c?ncepts were gcaled. The concepts were Kations. The Nations
were selected b& a procedure that: corbined random and judgnetltal features.
Three nessages. were constructed. Each message argued that a pair of

nations was either "very similar" or "very ﬂfferét." The messages vere

. -~

of comparable length and structure.

In the pretest the fifteen nations vere'scaled. The subjects made

*direcr, ratio judgments of the distances betVeen all 105 pairs of concepts.
The subjects then.read the Dessages, which were intended to induce motion
in six concepts, leaving nine concepts unmoved. The two sets ‘of concepts

+
(nanipulated and not) provided experimental control. Theory predicts that

4

specific changes should have occurfed in 69 out of the 105 distances among

the ‘i‘teen .concepts, while the remaining 36 distances should not havé ) -

«

charzed. ’The subjects also nade estimates .0f the distances between nanipulated

concepts ‘:Ln the nessage," those estimates to be used as estimates of the
) . . b2
v ’ cortent of the messages. The Su.bjects also rated the fmilierity of the

>~

cou{-mtries.‘ Those ratings were used to estimate the inertial masses of the
’ - .

1 L]

conc2ots.
In the posttest (one week later) the subjects again read the three

Dessages, then again estimated the 105 inter-concept distances, whic‘

hY

distances were to te Eompareq ~ith those predicted by tﬁeory. . ] .
LI 2 . , . * L . - .
Pretest and posttest distances were aggregated across subjects and the
,; near distance matrices were subjected to metric mlt}dinensional scaling, the

*

secend 'space/‘rotated to comparability with the first by two procedures

described by Woelfel et-al. (1975): (1) a "no stable concepts” rotation —~

»

o . - 19
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that assumes no real morids has taken place tetween zeasurements (least

squares best fit of the coczdinate zatrices), and (2) a "stzble concepts”
N ‘

rotation that :ssumes "real” motion by the six rmanipulated concepts but ——

.00 others. Procedure (2) invol¢es translating the coordinateszztrices to

the centroid of the "stable" (assumed unmoved) concepts before rotation.

i ’ A computer progras (TESTLAW) was written to input the coordinate

.

matrices and message contemt and inertial mass estimates and output inter-

coccept distances’aﬁd concept‘boordinatg values as predicted by the theory A

» <

of linear motion ynder several sets of auxiliary assumptions discussed .

below. These éréﬁié;ed values could then be comﬁared wvith those actually

. —
otserved, .

The funéghentai hypothesis test is a correlation coefficient between .

-~

precicted and observéd posttest inter-comcept distances among concepts.

Thcre are, however, many different bases upon which the correlation can be

co—uted. ~ First, two different‘rotation procedures were used to make the
pac:test space comparzble to the pretest space. Each procedure (because it

involves rotation of imaginary coordinates) yields a unique set of "observed"

pocttesé distances as computed from coordinate values. The actually

ohcserved distances are, of course, gtill a third set(i,Secoﬁd, there are

-

thecretical grounds for supposing that the distances between concepts on the

first few dimensions Jof cognitive sapce are more valid.than the "zaw"
distances, since th iatter f:;lude more error. Tpus the correlation may be
cor~uted on cumulative subsets of the dimensions of cognitive space. Third, ,

2 - since the effects of idférmation, rather than the mere st%bility_of éognitive‘

space, is at issue, the pretest distances should be controlled in the analysis.

This may be done by computing partial correlations. R ‘

All of these tests were computed and are reported heré, Additional

b
i
s

o . | 20
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3

7 .
ccrrelations vere computed and are mpt reported hére. “These inwolved the - ]

use of -hange scores and the prediction of coordimate values. The patterns

P - )
£ 2 .
of these correlations-were deemed sufficiently sizflar to the reported

-
X

correlations to warrant their exclusion to eeve space. i : e 7
Questionnaires, messages, corputer prograzs and supplementary data ' A
anzlvses are available from the author on request.
N : > ' Tk ' .
Y
Mul:ridi=ensicnal Scaling Analysis N ] .
' The res the metric HDS analysisr%ze given in Tables 1 and 2
— . - .
anc in ?igurefi.
. &=
- Table . Y57the coordinate matrix for the pretest data. Table 2 is  ~

t“e gprotated coordinate matrix for the posttest data. FPifteen roots were .

oy - -

extratteé fsbm/each distance matrix. Ihis result would be theoretically

irpossible since o’ points can always be rep;esented’in n-l or fewer

>

_dimensions: .Ia each ‘2ase, however, ome dimension accounted for approxinately
- £ 1Y ; - - .
none of the varibthce in the distance matrix. These coordinates, as Serota

. ' . '

" points out (1974, p. 64),"" . . . are artiffoial and represent rounding

error 1n the cémputer algorithm N

Three bf the vali@ rootslextracted from the péetestjmatrix were
negative, while two of the foutteen vglid posttest roots were negative. -
%he negative roots accounted for abott 6.7 percent ef the total pretest h
fﬁterrton%ept,distances (the.total of their eiéengéiues was 111,555 as.

PR AN

/- - . . . - .
compared to a trace of 161,713 for the matrix). The negative roots, accounted

fox about 2.7 percent of the total posttest intet—concept distegces (the

‘total of their eigetivalues was -4397 as toépared to a trace of 151,192 for

the matrix)., Similar shrinkage of the imagtary dimensions has been noted -

A




19
in preﬁious studies {e.g., Taylor, Bardett.and Serota, 1975). : ,
Figure ! 45 a tﬁrée—diaeasional plgt of the results of the stable .

N 7

‘conéeﬁts rotation procedure. The figure shows both pretest and posttest
léca:ioa;. Thg naces of the nations have been 1abeled and the direction
of.cﬁange inéicated by arrows. X,.the first dimension, runs from left . .:
"fremz. to right "rear"; Y, the second divension, is verticgl; Z, the
thi~2 dimension, runms frén right "front" to lgét "rear." The'x and Y

® ‘-
dirensions are readily interpretable as Economic Development and Political

If&.-oz~ Tesnectively The first dicension runs from U. S.‘! and West »

Ger—acy at thé high end through rpoderately developed Eruopeggpand latin

A;erican countries to the~least developed African and Asian countries at the
— .

Iow end. The second dimension rums from China and U.S.S.K. at one end T,

thrc.gh various Asian and European countries to the American nations at the

Icw erd--a general, although not entirely consistent trend from most radical
to most conservative countries. TYhese two digensioﬁs are'%iqilar to the

first two dimensions found in the nonmetric ¥DS analysis of nations by

nisn, Deutsch and Biener (1972) ) . - A

’ t

The third dimension is not so reddily interpretable (nor vas it in '. -
,* the Wish et al. study). Regional clustering, however, fs évident om the
X-Y plane with eaﬁh quadrant corresponding.roughly to a continéntal zone.

The overali'similarity of the scalipg results to those obtained by

.,

4

=~
Wish et al. tends to conﬁirm the validity.of the present scale.

-

The reliability of the scale may be'assessed in at least tvo.ways.

One is.to correlate the mean pretest inter-concept distances with the

-

<
correspondinglposttest distances. The correlation for all distagpés

(%=105) was .87; that for unmanipulated distances (those hypothesized not to R

change, K=36) was .91; that for all manipulated diztznces (R«69) was .84; '. ;:.-

[




» “ ‘ v . ’
'an":nat for indirectly changed distances (5=66) was .85 Kote that the )

-

oér correlatfon for the indirectly changed distances than that for all

[

d-«tances is consistent s.'ith the conclusion that the messages had indirect.

\ effects as hypothesized.,.
-

l —— e

A second way of assessing reliability is to exanine the stability

3

of the coordinate system by correlating the pretest coordinates with the

pos:ttest coordinates for -each dimension. This,'of ceurse, ray be strongly
2.

influenced¥by the rotatfon procedures empioyed For the no stable concepts

-

- rctation, the reliabilities for the three largest real dirensions were .99,

.98 and .95 for the first, second and third direngions, respectively; and
*for rte tvo largest imaginary dimensions, were .60 and .90, for the fourteemth

and fifteenth dimensions, respectively. ?or the stable concept rotationm,

-«

the reliabilities,for the first three d ensions were .99, .93 and‘.§4, and

for the last tvo were 52 and ?8. The eliabilities_seed.adequate under

both rotation procedures. ’ L )

a
=

I might note, as an aside, that the fair stability of the imaginary
dinensions tends to undermine interpretations of such dinensions as

indicating neasureaent errar. Whatever psychological.neaning the inaginnry

dimensions aay have, they are a stable phenomenon, not error. N .
7 EXpothesis Tests R S - SRR } -
' ‘ The mean of the absolute changes of thé three rectlz changed ,;f, - '}
distances was 25.8. The meap of the absolute chtnges of thgvsixty-six . ,
indirectlz changed distances was 12 3. The mean of the abaolute changes -

of the thirty~stx no chan g distances was 10 8. This pattern is cqnsittent

¢

’ .
N - . N '

with the typothesis. o . -
" oore direct test is ginen ﬁy the correlation of b@?ﬁictcd'b&ch'.wg" C




- L3
N .

o?sefved'posttest inter-concept distances. As discussed above there were '
magy distinct bases on which such ancorrelation might be corputed. Tne
€ results are presented in xables 3 and 4 _
In Table 3 are the zero order Pearson correlationg between the posttest
_? inter—concept distances (s’ ij) and those predicted by the theory, e‘ther
:f inc‘uding concept masses ih the computations (fgij) or exclud.ng concept
t‘* nasses from the computations (gij)' All of the correlations (which, of .

course, were nighly interdependent) were statistically'gighly signiffcant.

Yost vere greater than .8. Several general patterns in these correlations

.« =may be noted. First, there was a tendency for the correlations for the
. ¢ ; X

‘computed" posttest distapces to increase in magnitude as less dimensions
were included in the computations. This would be expected since thé larger

* (lower) dinmhsions are more stable, The'corrélations for the actually

: observed posttest distances, however, fit an opposite pattern, yielding
3

higher correlations for predictions based on more dimensions This also
would be expected, however, since the predictions based on only a few .

\

dimensions are not truly comparable to the actually observed posttest

_ distances, vhich,are, as it were, based on all dimensions. Second, different
4 . , ,
-pattertis resulted from the different rotation procedures. The stable
concepts rotation displayed a pattern, for all but computations based on

onlv the first dirmersion, of higher correlations for unmanipulated distances

’

than for manipulated distances. The no gtable concepts rotation produced

no such pattern. The pattern of correladons for the actually observed

L3

post:est distances was more similar to the stable concepts than to the no

stable concepts rotation--a fact whigh may suggest the greater validity of

’

the stakle concepts procedure. Finally, there was-no clear pattern of

?
differences between correlations involving predictions taking account or not

2

—
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-taking account of the cdﬁcept nasses Thus inertial mass, as measured in

.

tse present study, did mot clearly contribute to the theory s predictive

- -

pb'-er. ’ .
In Table 4 are the first order partial correlati controlling for
_the pretest 1oter-concept distances. These correlations were substahtiell}

lower than the zero order correlations, dén?nstratidg that much of the

.
-

accuracy of prediction displayed,in Table 10'vas-due'si=plx to.the stability

% over tice of the aggregate cognitive space, a stability rightly assumed

-
®,

by the theory. Three additional facts about this table are vorth noting

-

o Firsr, several of the partials were large enough to be statistically

significant (the meaning of this, however, is co?plicated'by the inter-"
dependence of the correlations). Second, the cgfrelatio%i'fere lovest wvhen
restricted to the 66 indirect changes, although a fev (including, however,.

none of thos& for the actually observed posttest distances) were still

-

. : élarge envugh to be significant. Third,‘negative partials were obsgerved

. fer correlations based on the first dimension'dhly, and those correlations
\

are anong the largest in the table in absolute nagnitude. The negatiye

-

ccrrelations aré clearly contrary to the theory. T :
‘ .- o Discusgion '
= - ’
.« , . ] ~ .
Evaluation of Results . T ¢

N »
.

.The results of this study do not appear to sﬁpport the hypothesis. The
cotrelation of predicted and obse'rved iﬁter—concept distances showed that . L,

the theory predicts very well but only betause it predicts the general

g
.

sta‘ility of the cognitive structure, ‘When the’ prstest scqres are

st- ristically controlied, especially uhen the, three direct changes are also
N e ——————————a

reﬂcved from the analxsis, the predictive power o£ the theory becanes quite

I

»

* -

-
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poor in absolute terms: seldom does it account for as ruch as five percent

of the variance in the dependent variable. Isolated correlations might

appear promising, dut the overall pattern does not. ”

» -

- '}y’#‘

Certain results are strongly negative in thé%r 2:p1ications.~ Were
the theory correct, one wouléd expéct better results for the séable concepts
rotation than for the no stzble concepts rotation, since the former assuces
the success of the experiment.

Yet the no séable concepts rotation gave results vhich were, if anyt@ing,

-

. ) R
slirntly more supportive of the hypothesis. Even more éisturbing are the

neg:tive results oh the first dimension. Some of the strongest partial

ccrrelations are negative correlations for. computations based on the first

'dirension only. These correlations are.céontrary to the theory.

A closer ei%minatipn of the plot of the results (Figure 1) eay shed

soze light. The three experimental messages a‘rgued that Singapore and Fiji

4

are close, that Congo and Guyana are distant, and that Portuéal and Brazil

are close. Consider the actpal change of these countries as revealed in ,
+ Pigure 1, Wwhile theiggzéchange in each cage was as predict;d, the motion L.

was not, as ;ssumeddﬁ} the theory, diréctly along the'lines connecfing the .

pairs.” The slight det convergence of Singapore and Fiji resulted mostly

. .. *
froc changes along dimensions nog{ plotted. The two countries actually '

diverged on,the first and third di ensions.(in the latter case bypassing -

- .

cne another) and converged on the sedsnd dimension only because of Singapore's
~ +

greater velocity; Fiji moved in the direééion opposite to that pgedittgd..

J Again, Congo and Guyana}s net divergence resulted from moverente at large
- L3 .

. .

angies to the directions predicted. Regardless of rotation procedure ome

. of the rmost prominent changes was Congo's movement, contrary to predictiem,

. . . »
* along the second dimension. The divergence of the two nations on the third

-— -




dir¢nsion was about as expected, but their lock-step motion cn ti:.e first

¢ir-nsircn was quite opposite to that prediccgd. Finally, ‘?oz'tugal_., znd ’

Bra-tl's net convergence occurred éespit_e Brazil's n;ovanents o;.:posite to

predictions on the fir;t and third dimensions jz!:xc_i E;ortnga.l's cpposite

moveTgnt on the first and second dimensions. Fet convergence ¢ the second |
.’and thiréd dimensions oécurred only because the cowmntry :oving.in the "right”

direction tended to overtake the other country.

There are evident in rhe plot other changes that are noz'i.nterpre‘t,abl.e

ic rerms of the hypothesis. Several unmanipulated nations exhibited
apparently substantial movements. Coe noticeable tendency was for the more.
ex:;'e::ze countries to 1;:ove invards in‘ the general direction of the origin—
a pattermn suggesti.ve of the phenomenon of regressicn toward the pean.

These changes are no't interpretable in terrs of facts known to the investigator.

»
s

Alternative Explanations \ ' -

Seven alternative explanations of the results have been considered.
Some of the explanations save the theory by indicting the experiment, while
) T e v .
others point toward different theories. , / s,
A‘*

Foyr othhe seven alternative explanations are regarded as zélatively .. .
weak or icplausible. First, the egperimeht pay have failed due to wéak =

A

messages. In ‘fact, none of the three messages produced'a quite statistically
) . . ;

significant change {n-the distances'tq which it referred. Thi,s,-’lmae.vet,

. Has.'chalked up to the noisiness of the Galileo system of measurement at the
1ridivideal level of analy;18; all analyses in this study were done with -
aé‘gregated data. Second, some observed changes might b.e d‘ue to messages "’

froo the environment beyond the experimént during the week between

observations. Ehia cannot be ruled out because there was no separate

»
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control grovp of subjects, but I pald close attention to the rcasd pedia
tha:' week zad have been wmzble to draw zny comnection to vhat hzsppened in
the study. Third, the design may tot have allowed emough time following
tte wessages for cognitive equiiibrivm to be es_tablished. If this .vere
troe 1t would still not explain chaznges directionally opposite to those
predicted. I—'oq;'th, the moticn of concepts during the stuwdy might ;n?e
beer partially a2 function of moticn that was already wmdervay pri?r to the

stucy. * This irplies a Jewtonizn notion of copnitive "inertia” which needs-

el

to Te validated in its own right befere i; can carry ruch’ wveight in a case
such a2s the present one. These last two explanations could have bgen zuled
ou:-b:: a sgcond posttest had one been administered. ' .
Tze fifth explana;ion is that the experiment faile§i becauvse the spacial
a:::del is radically wrong. One alternative model would be a cognitive retwork,
) "‘: set of concepts partially inrerconmected by various sorts of cognitive
: links. I have previod;ly, discussed this model in some detail (Craig, 19755.
Given a large body' of' lit.eratq.rg with whicy 1 have*becone fariliar since
;'riti;g thaz. paper (e.g., :Iulvizig and Donaldson, 1972), I would now give ..
_the neé\-‘ork u;o;iel éreater weight and a different treatment. A network
Fnodel,:}’zqwever, .explains the pres_qt;t results only in the zather MOtn;dve
sense that an incampletely conne_ct;d network, viewed in terms of a spacial

model, ‘x.jpuld behave strangely. Some indirect tests *of the network hypothesis

were tried on the present data. These tests failed and are not reported for.

- o o— -

reasons Qf- space. ;

A sixth explanatiom, and ome which I find mtegesting, is that the
expericental messages were noisy; they contained "imintended” informatioem,
y and 50 moved the concepts in unintended dl:ect}ons. .

Here we confront a serious dilerma which no future experiment of this
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scrt can igrore. /. rezlistic and credible message concerning a.particular 4

pair of coocepts must, it would seen, make references to many "third"
- < - v

ccm-erts by way of introducing points of comparisom ‘or contrast tetveen the

exy:ri"e_ntal concepts. 1In comparing Fi4§i z2nd Singapore, for ezz::ple ve .

* -

sa® " that both were sz:all tropical, former British colcnies, recently

o
&

irZe-endent, and parliementars democrac"es. ?erh@s the wezkest aspect of

t-is s:udv, in .etrospect, was its a2ssuption that the infomazion incorporat.ed

v -

i~ :%e ressages -*ould exert force caly along the linme directIy conpecting

the na2irs of manipulated concepts. In retrospect it ‘vould have beep just as
rezrcratle, and perhaps more reasonzble to assume, for exzmple, that saying
ther Sirgeoore and Fiji are both parliamentary dez;:cz:acies not only vou]id '

meve “inpapore and Fiji to;'arc’; each other but g.lso would move both Singapofe

an¢ Fiji’poward the coucept of "parlizmentary democracies.™ This, then is

the dilemma: on the one hamd, we want realistic, credible x:aeesages.; on the

other hand, we can only include a linited mumber of concepts .in the zulti-
éimengion;l scaling analysis. It ‘sems that we zust choose either ineffective

or invatid mazi‘ipnlaticns.. _\

. ‘I‘né dilez:;a might be a,vpid.ea if Ge had a truly adequate spacial model

of messége ctontent. ¥ore immediately, the dilemrra might be avoided by .
thoroz.gh pretesting of the =esgsages in several pilot studies which would
incorporate, in overlapping.parts, all of the concepts referred to in the
nessages. The meaning of the nessage would then not be measured as it was
in this study, by a single iten ref‘erring to the single pair of experimental -
concepts. Rather tf:e neaning would be neasur,:ed by a set of items referring to

¢ . .
- a set of reference,‘co.ncepts cormon to all of the pretest studies and the

zain study. And the’ moverent of the Eanipulated concepts would not be

predicted to occur along the Iines comnecting the pairs; nor vould the

29




?crce_ of E_be message be assured divicded equally between the two experimentel

ccocepts. Rather, wthe movement of each cencept would be predicted 28 a2

T -

’ dzear fzr.‘cgio:‘ of its predicted rovements with respect to the whole, set of
reference concepts. The theoretical prediction of “indirect” changes would

‘then be based on a set of concepts included i{n the main stndy but not iz

233 of the pilot studies.

s
H

° ., » By comparison to this ideal set of procedures the messages used in this

study vere little better than anots in the dark. Can the ap:;’arently chaotic .

movezeats apparently induced by the experimental messages be erpla.ined by
. 2ssiwing 'thaé t:ne messages were noisy? The answer, in gene.ral, is trivially
“ves.” Less tri¥ially and more concretely, certain unpredicted ch‘ang.es éo
. deer directly attributable to ;tain tnintended message contents. The
exzmple of Singspore and 74jt 1s a case in point. Both coumtries, vhich
. were said to be parli‘a_‘.nentary dembcracies having capi;alist econoxies, moved
toward the, “eonservative" end of the second dimension, vhich seemed to
represent political ideoiogy. Another case comcerns Congo. Congo's movement
roward the ’ radical end of the second dimension vas one of the nost prozinent
changes in :i:e study. This mo*:rem’ent, vhich'was not at all predicted, is not .
at all’ surprising in x'riew-of the assertions, in the nessage about Congo and
Guyana, ;hat/C‘ongo has 2 socialist econocsy md a one-—party government, and
. 1s a self-proclaimed "corrmmist'_ state. Perhaps we could even explain
Brazil’s movenent toward the African’ cluster as a consequence of the-
reference in the message to Brazil as a former colomy. Pethaps ‘ve could
explain Guyana's novement in a general "European" direction as a result of .

references to it as a parliamentary democracy or as a mesber of the British

3 N -

Cor=onwealth of Ha_tioné’.. . ‘

-

These m’ st hoc explanations must be viewed with appropriate skeptic¢isa.
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Trev do, hovever, support tte gezzrél ccatenticn that the voisiress of the
ex?érizen:al néssagég czaoot e ruled out 2s zn aiternative explizmation vhiéh ,
‘ preserved the basic chanct;r of the theory of limear motiom.
| & seventh and final explenation”is that .the concepts in this stody
fatled to behave lawtfolly becaus; there were too z=any of them, or becansve

‘they, or some of then, were mot mezningful. Two factors are involved in

this explznaticn. First is the noticn of informaticn processing capacity.

'?eo;:z;» czn hzndle caly a limited zmomt of inform;tion in a given period
£ tize. 1If the enviroument presents information beyond this $imig, th;n
excess information is simply not processed systematically. 3y rough znalegy
with experizents on short tern mepory we might suppose that in an'experineat
such a5 ours the mexirur nunber of concepts. that would beg#ve lzwfully would

be aboux seven (¥iller, 1960). The second possible fagtor is Deaningfulrness.

’ernaps we cannot. expect a concept to ‘behave lawfully just because it is
* dncluded in an ¥DS instrument"perhaps we rust know, in additicn, whether the
3 e
concept means anything to the subjects prior to adminisgtration of the
instrument. _How zany subjects in o?r study had ever heard of Guyana or
Fiji? Cén ve‘claim to haé; peasured the aeaniné of these concepts, or tn§:
we admié to having merely created-an apparent neaniné b; including them
% aiong with thg rést of the concepts’ And can we expect such pzcudo—cognitious
if they exist in the study, to behave lawfully?
‘ese-tgp factors point to the concept of "domain," a set of concepts
that behave together as a unit, or are, in Scpgt's-(1969) teres, "functionally
equivalent.” TUnder this explanation th; laws of motion do not apply to.just
.20y set of concepts; the concepts must compose a domain. There may be an

upper linit to the size of domains. Spaces including more than that nuzber

of ‘concepts would not behave lawfully. If the limit is around seven, then o—

~
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this study, with-fifteen ccncépts, exceeds the 1imit. Or zgain, there

T2y be some “critical mass™ that a concept must attain before it can

femctieon as part of a <omain. * The theory of linear mition has zssrmed that

—

£258 is‘im;ortant‘cnly as resistznce Lo motioca: the more z285. the more e

resistznce. Kow we mrst §?nder vwhether cearly massless concepts are at all

czpeble of lzwful motica. -

The data of this study were exzmined fromw several stzndpoints in an
- - ' ‘

affort vo test this alternative oypothesis, Particular attention was

fccused on subsets of zbout seven concepts that might, for one or zmotker

reasca, coastitute a domain. Predicticas of distances involving the seven

highest mzss coacépzs,.and predicticns of the smallest third of the inter-

concept distances, were exzmined and found te be no better than predictious
. - * F

for, the vhole set of distances. Thus the present study offers no direct

suwport for the conteation that concepts can belong to a domain an; if

they have a certain critical zass or if they are close to each other in

cognitive space.

A third subset of distances, however, was found to, conforn more ’

closely to the theory than did the data as 2 vhole. These were the

distantes 2nong the six manipulated concepts: fifteen distances, or 4f °

the three directly changed distances are excluded, twelve distances. K

Table 5 displays the partfal correlations (controlling pretest distances)

of rredicted with observed posttest distatices for the twelve indirectly

charged Qistanées.among the six manipulated concepts. These partials are, §§

on- the whoi%, substantially higher in apsolute magnitude than the corresponding

partials in Table 4. Few of them are statistically significant, but then . N

i¥ oust be E&nsi&ered that they have only nine degrees 6% freedon. - Ead

the<e partials appeared in Table 3 they would have been touted as strong

<
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support for the théory, this despite some zrnoradies zmong therm, most
notztly the (now even streager) negative correlations for the'firsz‘ dinension.
Three factors seém to favor thé theory. 7The first is the magnitude of the
pani;ls. The second is tha't the best results are a_ch{.eved vith the stadle
ccncepts rotatioenm, wnic.n assumes the.success of the experiment. The third
is that the correlations "peak" around the middle of the range of cuzulative
dirensions (2 through § dimensions), which presumably inciude the greatest
proportion of relizble informatienm.

fme must, of course, view post hoc analyses with some skepticism.
Sftill we czn ask vhether this particular subset of the concepts falls under

te alvernative explanation. Do they compose a "domain” in a sense that

.the whole set of concepts does not? One interpretation is that the six

-,"‘f .

z:aﬁi.pulated coucepqs constitute e dozmain just in consequence of bei.ng'
manipulated, which entails both being mentioned in connection with each other
ané being infused with information in the form of experimental Dessages

that might create the needed "critical na‘ss.'" This interpretation is

interesting, but it should not be taken too seriously until the finding

has been replicated. : , e
) X - . Conclusion o

As I pointed’ out earlier, a test of a particulsr theory is not
eau‘valei:t to a test of the general spacial model. 1If this study has not

beer en:irely decisive regar@ding the theory ‘of linear motion, much less has

>

it teeh fdecisive conceming the general spacial model. If :13‘5 theory of -

— .

. ’liaear ::ot,ion is false, some other cognitive "law of motion,” perhaps more

-

oomlez, nay be found to hold., The working assuzption of the study, the

o uzi‘ity of general, fomal models of informatiom, of codne, ixplies 2 still

. -

wvider field of mquiry. ) *

o | 23
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Table 3. Zearson Correlations* of S"j‘_:; with Sm;j -an'd.sij, Broken *
Dowvn by Number of Dimensions Included in Computations,; by -
- ¥Yethod of Cbtaining 5'13’ and by Subsets of Cases. i
b I - ¢ ] ) k]
- Distances _ S i3 Cozp. S i3 Cozp. , )
Included Dizensions Predictor From Yo Froz Stdble’ Actually
in the Included in A=$=i. , _Stable Con- ‘'Concepts *  Ubserved .
Aralysis  Cozputacioas 3=§i- _cepts Rotration Rozation™ S'-iz- ’ ,‘""
- 3 i . 3
] il 1-15 A 836 T .804 866
{(x=135) 3 .838 .815 .885
1-12 a4 . 864 .825 .867
B .878 .831 .885
' 1-9 A .838 .812 . 866
o3 .854 .822 .882-
i-6 R - .888 .38 .841 .
- .883’ .838 .858
_ 1-3 A S o21” 917 .823.
7y 3 .922 .922 < .8238
, 1-2 A .954 .903 . .751
“ B .953 .904 .763°
1 < A .964 973 .619
B . 964 - 973 .619
,?‘U [ ‘ '. - = *
‘ Unaani- 1-15 A .862 . . .929  __ .91& .-
solazed 3 ©.862- .929 *.914°
- s gfj;aﬁces -1-12 s 887 .901 .889
I i SR B- "o, -887 901 . .889 -
- ‘ 1-9 A .845 ;912 .881, ~
T " B .845 .912 .88L
. L7 1Z6 A .878, .922 857 ..
. : 3 <, .878 922" .57
R ) T 1-3 A 918 955 . .806
- B - - . .08 955 806 5 .
- 1-2 A .933 . 945 .814 N
- ; -"*B / .933 % 945 .814 -
1 A L .949 .968 .59
- B - .949 . 96§ .594

T
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Tu: te 3. {continued) ,
< '—*;’a - . ! - $ -
L.:izaaces S i = §ij Con:p . s i3 Comp
Ircluded  Dimensions Predictor Ffrom XNo From Stable Actually .
iz the Included in A=Snij ‘Stable Con- Concepts Cbserved
. . [y , . ’
An:1ysis  Computatioms. E'gij cepts Rotation Rotation . s'ij
| ALl ©1-15 T oA .824 .759 836
Mz=ipu- B .862 ’ .F713 .867
el e 1-12 A 859 .801 858
(5269) ] 3 .885 - .810 .887 )
oL 1-9 4 .843 .780 .864
’ - & . 3 - .870 .796 .890
©1-6 4 .851 . 808 .847
2 .898 .807 .872
1-3 A .925 - .904 .831
. B .928 .912 .843
1-2 A ’ .964 .880 .736
B .963 .881 . .46
1 A .973, .976 .631
] . B 9737, .975 .631
. v i B - L .
- Iindirectiy 1-15 A .826 - .752 . 849
Chaaged B - \ .837 . .47 .851
- - ’ - »
| Deeneel 112 A .860 .795 .870
RESE SN 3 .861 .788 *.869
: P 1-9 A T.83% - .770 874
T B .844 .768 .873
- 1-6 A .876 38 ©.855
. : B .877 .860
o 1-3 A .-919 .856
- ? B .9i9 - -856 .
. o Li-2 a” .963 .765
. .0 B 960 .762 ¢ ¢
- ’ , 17 I . .975 1 616
- B .972 . ©1.975 .616

- -

* All correlations in th;&s'table$are ‘significant, p<.001, one-tailed test.
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Table 4.  First Ozder Parcial Correlations (Oont.olling S j) of 'S 13
with Sm 13 aad 3 , Broken Down by Xuzber of Dizensions’ Included
i in Om:,;uta:ions, by Yetbod @f Cbraining S' and by Subsets
of Cases. 13’
Distaaces S'ij Cozp. s’ 1 mep
Iacluded Dizmensions Predictor Froo Ko from Stable actua.lly
s in the Included inm A=$mij >  Stable Con- Concepts Observed
Analvsis Computations B-rS_;J. " cepts Rotazion Roration S'ij
All 1-15 A kxx 346 % .209  #=% 336
(%=105) _ 3 =x% 358 x£ 230 %+ _370
. 1-12 4 xkx 317 *- 212 *% 331
' 3 xxx 330 * 225 @ #xx 360
1-9 A **x 294 % 228 k% _315
3 kkk 311 k% 237  kkx _343
1-6 A % 186 057 k*x 334
X B . T * 200 .091 ° **x _356
1-3 A sy * 280 %% 275
: 3 ~137 *x 260 *x 256
' 1-2 A 017 + .078 * .194
. 3 . 051 .120 +x 180
1 A -.120 *kk-_ 346 " -.060
B ~.144 | dkk- 317 *,032°
All 1-15 - kkk 444" * .22% xkx 385
Hanipul T . ‘ 8" *k% 455 246 k%: 425
- pated 1-12 & w6 414, %239 axx 412
z;sgances . i * 3 - P .425 x .249 PO ’“4
{x=69) . ;
3 . 1.9 A ‘x%% 388 * ,262 %% 402
1-6 A * 238" .059, *%x 420
. 3 * ,253 L0946  #%x 450
7 : 1-3 A * 207 *°,357  #x% 373
. B .196 - ** 325 *x 347
-2 . a 006 .072 x 261
"B 050 .Ti6 * 734
oo 1 S A -.171 *k%—, 436 .074
' B *-, 204 *k%-_ 402 - .040

[T




LTanl e) {coatinued) ’

Disteaces : ' Sf"i? Cozp. - S'ij :Cozp.
Included Dizeasions Predictor From Ro Eron Stable Actcaily
in the Inclunded in  4<Sz, 5 Stable Con-  Concepts’ - Observed
inalysis Cozputations Btsﬁ' cepts Rotation 2ptation s'ii
) . - ’ L s
Indirectly  1I-35.> . A = L242 ©.062 150
Changed . 3 * 249 .079 . -183
e 1-12 A SR +31 086 . 149
: 3 .179 .074 .173
1-9 A. . 204 L0984 .137
3 +.216 ©  .093 .155
-6 - a 112 -.021 .165
3 .126 - .024 .187
1-3 A <114 * .255 .082
3 .105 x 227 .052
1-2 4 -=.056 - .026 " 1006
. M B ’.004 0080 ) -0.033
1 4 - 153 Rk 424 -.035
3 ©-.190 . . %%x-_386 ,  -.066
. L » )
* 2<.05, one-tailed test T . . ) S . -
** p<_GI, one-tailed test . g : ) - .
*kk p<.0'Q:1, gne—-tailed test . R
. ..
-, . o . »
. "
- ‘ " A M
£ .‘. .
L} ¢ .
G - d ; < s
44 '
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Tzble 5, First Ordet Partial Correlations (Controlling S;4) of
J s.ij with Smij and Sij for Indirectly Changed Distances

.+ - 2zong Manipalated Concepts Only./r - .o - -

A - I A ° ) "
Tizmensions ' Predictor S';j Cozputed ) S'ij Cozputed Actually
Izcluded fa b=t Zrom No Stable From Stable” Cbserved
“crputations stij Coacepts Rotation Concepts Rotation 5'13

] ! b -

-15 . A 436 © 359 - .359
. 3 - .449. 402 . 402

1-12 A .38 .392 - ¢ .403

- . 2 2397 _ 826, L 444

o

1-5 A T.322 ' 416 .352
. 3 .357 436 . . 414

1-6 A b .336 * 532 . -.511

.o B © 321 . *..528 ‘% 523

1-3 a " .335 ' 466 .165
: 3 .362 © 437 163"

S P2 A .333 xx 775 . -.213 '
- B - 476 o xx 793 -.138
1 & T -l490 © =512 .004 5.
: B *-_553 . -.484 -.027

* p<l05, ome-tailed test, d.f. = 9 ° - b T
*%* p<,01, one-tailed test, d.f. = 9 .

' » .
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" (1) China
(2)™ singapore

. )
L@
T s
-t (6)
, o)
. (@

Yexico’

U.5.A.~
}brtugal .
Poland .
Ipdia~

Piji -

Figyre ii
Stable Conucepts Roution

(9) West Germany

(10) Brazil -

(11) Central African Republic
"(12) Greece

. {13) v.5.S.R,

" (14) Congo, ‘

(15) Guyana '
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Plot of First Three Di-ensionz Pretest andn?bcttest,
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